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LETTERS TO THE EDITOR 

uations for active carbons with inhomogeneous microporous shvc 

(Received 28 June 1979) 

Stoeckli made an attempt to generalize the 
kevich equation (4) for active carbons with a wide micropore 
distribution at a constant integral value n = 2 as in eqn (7) [4,5]. 
By analogy with this equation we can write for a continuous 
distribution, when volume W ,  becomes a function of parameter 
B: 

Astakhov [ 11: 

t 

P 
(8) 

(1) 

where 
', Stoeckli's principal idea was to apply the normal Gaussian dis- 

A = RT In @,/p)l (2) tribution (9) to f(B) 

(9) 

As a result, the adsorption equation (IO) obtained by Stoeckli 
contained three parameters Wo, Bo and dispersion A[4,5]: 

or in the form of the Dubinin-Radushkevich equation for n 
f(B) = - 

T2 w = wo exp [ - B p 108 (PJP)]  

or else in shorter formulation: 

W = Wo exp [ - By] (4) W =  W~expI-B~ylexp 0.5[1-erf(z)] (10) 

wh where 

At n = 2 the relationship between the principal parameters Eo 
and B of eqns (1) and (3) or (1) and (4), which are essentially 
identical, is expressed by 

Eo= 19.15.\/[1/(B X lo6)]. (6) 

Equation (1) for n = 2 and eqn (3) are applicable over wide 
ranges of equilibrium relative pressures for microporous car- 
bonaceous adsorbents or active carbons with a relatively narrow 
micropore size distribution. The microporous structures of such 
active carbons can, somewhat conventionally, be considered 
homogeneous. 

At high degrees of activation, however, the walls between 
adjacent micropores burn out gradually with the resulting for- 
mation of supermicropores, a larger variety of micropores. 
Assuming that adsorption in micro- and supermicropores occurs 
independently, it is possible to write, to a good approximation, 
the following adsorption equation for = 2 in the form (1) 

for such active carbons with a wide micropore distribution. The 
parameters of this equation are micropore volume the charac- 
teristic adsorption energy &I of the standard vapor in the 
mkropores, and W, and the respective values for the 
supermicropores. 

Kadlec[2] and then Rand[3] showed that the adsorption equa- 
tion (1) with a nonintegral value of parameter n less than 2 and 
more than 1 could be used for such carbons. Such an equation 
contains three parameters Wo, & and n. 
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Calculated 
according 

PIPS to TVFM 

2.25 x lo-'' 0.0020 0.0024 
1.50 x 10-7 0.020 0.020 
1.30X lo-' 0.093 0.097 
3.89 x 10-4 0.244 0.238 
3.87 x lo-' 0.395 0.386 
8.30 x 0.581 0.577 
1.73 X lo-' 0.610 0.608 
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n = 2.00 - 1.90 x 106A. (12) 

The results of experiments by Stoeckli and Houriet[S, 61 serve as a 
vivid illustration (Table 2 and Fig. 1). Thus a physical meaning can 
be attributed to a parameter n equal to two for micropores of 
different sizes. The indicated nonintegral values of n are effective 
values directly associated with dispersion A, which characterizes 
the distribution width. 
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Adsorption of acetaldehyde and ethane on activated carbon 
(Received 6 February 1979) 

We used a dynamical method to determine the volume ad- 
sorption capacity at 25°C of Columbia type 4LXC 12/28 activated 
carbon for acetaldehyde and ethane at low partial pressures in a 
helium carrier gas. The experimental apparatus was described 
previously[l]. The gas flowed through the adsorber bed at a 
constant rate with fluctuations of less than 1%. The flow rate was 
200 cc(STP)/min in the acetaldehyde experiments and 
50 cc(STF')/min in the ethane experiments. The (10 cm long, 
0.454 cm inside diameter) cylindrical adsorber bed in the acetal- 
dehyde experiments was packed with 0.569g of carbon. The 
carbon mass was determined after 48 hr of desorption at 200°C. 
The (40 cm long, 0.486 cm inside diameter) adsorber bed in the 
ethane experiments was packed with 2.638g of carbon. After 
each adsorption experiment, the adsorber bed was cleaned by 
raising the temperature to 15WC and purging with high-purity 
helium for more than 6 hr. 

The pressure drop across the adsorber bed was 17Torr in the 
acetaldehyde experiments and 6 Torr in the ethane experiments, 
while the total pressure ranged from 760 to 780 Torr. The partial 
pressures varied from 4 to 8Omillitorr in the acetaldehyde 
experiments and from 20 to 4OOmillitorr in the ethane experi- 
ments. The temperature of the adsorber bed in all experiments 
was controlled at (25zk0.02)OC. We measured the concentration 
at the outlet to the bed within 1%. Numerical integration of the 
resulting concentration-vs-time curve yielded the volume ad- 
sorption capacity K [cc(STP)/g]. The experimental procedures 
were described previously [2]. The volume adsorption capacity 
data were fitted to the Freundlich isotherm equation, viz. 

K = kp'ln (1) 

where p (Torr) is the partial pressure. The least-squares values of 
the parameters k and n are 23.02 and 1.34 for acetaldehyde; and 
2.20 and 1.06 for ethane. The corresponding standard deviations 

in the fits are 0.016 and 0.009, respectively. The fact that n for 
ethane is very close to unity signifies that the adsorption iso- 
therm for ethane does not deviate substantially from Henry's law 
for the range of pressures studied here. Also, it should be men- 
tioned that the adsorption capacity data cannot be interpreted in 

Free - energy change p r  unit liquid volume adsorbed 

(RT/V,,) log(p,/P) ( C O l / C d  

Fig. 1. Generalised correlation diagram for Columbia 4LXC 
12/28 activated carbon. Symbols: A acetone, acetaldehyde, 0 

ethane, x toluene, + frwn-113, 'I ethanol, V methanol. 
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terms of the monolayer Langmuu equation (in spite of the 
apparently good fit) since the relation between K-' and p-' 
linear. 

Following Lewis et aL[3] we plotted the liquid volume ad- 
sorbed per unit mass of carbon vs the isothermal free-energy 
change in passing from the liquid state to the adsorbed state per 
unit liquid volume adsorbed for acetaldehyde and ethane. The 
resulting generalized correlation diagram is shown in Fig. 1. To 
extend the correlation diagram to the high adsorption region, we 
used adsorption capacity data obtained by Madey et a1.t for 
acetone on the same type of carbon at 25°C. Included on this 
diagram are points corresponding to the adsorption of freon-113 
and ethanol[l] and also toluene and methanol[4] on the same 
type of carbon at 25°C. We note that the values for the two 
alcohols do not fall on the same correlation curve with the other 
compounds. Since the pressures investigated are much smaller 
than the corresponding critical pressure for each compound 
(p /p ,  <2 x 10-3, we used the pressures rather than the fugacities 

no$ , 

tPrivate communication. 
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in the correlation diagram. The liquid molar volumes and the 
vapor pressures were obtained from Ref. [SI. 
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Mesophase formation from decacyclene 

(Received 21 March 1979) \ 

has a dish-like structure, which has been found both in a 

The second'spherule has been obtained from both a coal tar pitch 
and Khafji asphalt heat-treated at temperatures below 370°C [6]. 
These spherules have different optical properties from those of 
the above Brooks-Taylor spherules. In addition to these, another 
type of spherule has now been found for pitches from decacy- 
clene. The object of the present letter is to describe some optical 
observations of mesophase spherules with unusual optical pro- 
perties and to propose a possible structural model. 

Decacyclene (&HIS) was supplied from ICN-K&K labora- 
tories Inc. and used without purification. Carbonization was 
carried out at 350-650°C in a test tube under nitrogen atmosphere 
with a heating rate of IWC/hr. A Leitz reflected light micro- 
scope was used to examine the optical structures of the pyrolysis 
residues. Solvent fractionation was carried out with benzene and 
quinoline to characterize the residues obtained under various 
conditions. 

Decacyclene is produced aboundantly as one of the main 
products in acenaphthylene pitch pyrolysed at temperatures be- 
tween 320 and 470°C[8, 91. Decacyclene yields pitch-like materi- 
als at about 530°C and coke at about 570°C when heat-treated. 
The temperature range over which the carbonization reactions 
proceed in the liquid phase was found to be narrow, only 40°C 
(530470°C). Microphotographs of the pyrolysis residues from 
decacyclene are shown in Fig. 1. Up to 540°C crystalline materi- 

als with a strong optical anisotropy were observed over the entire 
region of the residue. These materials have been also found when 
acenaphthylene was heat-treated between 320 and 470°C. With 
increasing heat treatment temperature (H'IT), the crystalline 
materials become small in size, and then mesophase of irregular 
shape appears at 540°C. Mesophase spherules of 30-100pm 
diameter are observed in the residue heat-treated at 550"C, as 
shown in Fig. 1, although small crystalline materials are still 
present in the pitch matrix. A11 the mesophase spherules in this 
case have a maltese cross and are distinct from the Brooks- 
Taylor ones. At above 560°C, these spherules coalesce to yield 

Fig. 1. Optical micrographs 
treated at 53O-56O0C, and 
residue, benzene- and quinoline-insoluble fractions with heat 

treatment temperature. 
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Fig. 3. A structural model for the mesophase spherules from 
decac yclene. 

(2) All the mesophase spherules from decacyclene pitch 
show a maltese cross which remains unchanged with the stage 
rotation of a microscope. 

(3) A structural model is proposed, in which all the layers in a 
spherule lie in concentric circles around the center of the 
spheruie. 

(4) Those mesophase spherules with a maltese cross coalesce 
to yield bulk mesophase with fibrous textures like acenaphthy- 
lene pitch. 
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From these observations we conclude as follows: 
(1) The temperature range over which the carbonization reac- 

tions of decacyclene proceed in the liquid phase is very narrow, 
only 40°C (from 530 to 570°C) when a heating rate was 100"Clhr. 
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Evolution of ethylene and acetylene from ethane-treat diamond powders f 
(Received 2 May 1979) 

In order to deduce the structure of the diamond surface after 
interaction with hydrocarbons, diamond powders treated with 
methane and ethane were submitted to thermal-desorption mass 
spectrometry[l]. Diamond powders heated in a methane or 
ethane atmosphere at 400-1 100°C evolved hydrogen molecules 
on reheating up to 1250°C under vacuum; the amount of the 
hydrogen depended on the temperature of heating in the 
hydrocarbons [2]. Since the cooling from the reaction tem- 
perature was very rapid, a part of the hydrogen atoms of the 
hydrocarbons must be bound to the surface carbon atom upon 
reaction with the hydrocarbons. In addition to hydrogen, evolu- 
tion of slight amounts of ethylene and acetylene was observed 
for the samples heated in ethane. 

After outgassing up to 1150°C at 10-6Torr, natural diamond 
powders (0-0.5pm) were heated in Torr ethane at 400-700°C 
for 1 hr and then cooled rapidly. On reheating at 10-7Torr at a 
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